Essays in Econophysics and Applied Econometrics:Modeling Complexity in Finance by Dahlqvist, Carl-Henrik
Institutional Repository - Research Portal
Dépôt Institutionnel - Portail de la Recherche
THESIS / THÈSE
Author(s) - Auteur(s) :
Supervisor - Co-Supervisor / Promoteur - Co-Promoteur :
Publication date - Date de publication :
Permanent link - Permalien :
Rights / License - Licence de droit d’auteur :
Bibliothèque Universitaire Moretus Plantin
researchportal.unamur.beUniversity of Namur
DOCTOR OF ECONOMICS AND BUSINESS MANAGEMENT
Essays in Econophysics and Applied Econometrics






Université Catholique de Louvain (UCL)
Link to publication
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


















































 !"#$%&' &()!*+!% $
, $-.%/$ 0"#$%&*1 2!
34556
7$$'89 & !:"#$%&*1 2!


















  !"#$%&!'#  
( ) &*%+*,'!-$.!.&!'#  /
( 0"#12"* 3."".4".+. !*!'# !#. !"#4-* $!"* +5.". !"#4-
1.*+%".+ /
(( 6"* +5.". !"#4-*+* # ,' .*"1.*+%".  7
(8 9+!'1*!'# * $+!*!'+!'&*,' 5.". &. :
8 ;'1%,*!'# +* $<"+!&# &,%+'# + 8
8 =*!*3. ."*!' 34"#&.++.+ /
8( >.+%,!+ ?
/ @44,'&*!'# !#9%"#4.* * $A;< * &'*,+.&!#" (B
/ C#!'D*!'# + (B
/( =*!*$.+&"'4!'#  (E
/8 F.!G#"H' 5.". &.* $!#4#,#3'&*,1.*+%".+.+!'1*!'# + (E




(  !"#$%&!'#  8B
(( F.!G#"H+!"%&!%".R' 5#"1*!'# $.&#14#+'!'# R* $' $'".&!,' H+ 8S
(8 F.!G#"H' 5.". &.*,3#"'!T1  /:
(8 9U!. +'#  /E
(/ ;'1%,*!'#  /?
(B @44,'&*!'# !#!T.A;< * &'*,+.&!#" B/
(B 6#4#,#3'&*,1.*+%".+.+!'1*!'#  BB
(B( 0' * &'*,' +!'!%!'# +V"'+H* $!#4#,#3'&*,1.*+%".+ BS
(B8 914'"'&*,&#14*"'+# G'!T4*'"G'+.2"* 3."&*%+*,'!-  E






  !"#$%&! #  '(
) *"+ ,-".+/-$0%1! 2&3+  -1&+%/+1 !4$-!-&! #  '5
) 6#$-1$-/&" 7! #  '8
 9"+ /:-"- !"#74.+/-$0%1! 2&3+  -1&+%/+1 !4$-!-&! #  5)
 6#$-1$-/&" 7! #  5
; < 0%1+! #  55
( =771 &+! # !#>  + & +1  /! !%! # /  85
( ?07 " &+1$+!++ $ -!@#"A  :-"- &- 8B
() 6%!1 2&3+  -1&+%/+1 !4$-!-&! #   !3-:"-C%- &4$#0+   8B
( D%+ ! 1-0%!1 2&3+  -1&+%/+1 !4$-!-&! #  B)
(; E"#//2C%+ ! 1-0%!1 2&3+  -1&+%/+1 !4$-!-&! #  B;
(( 6%!1 2&3+  -1&+%/+1 !4$-!-&! #  B(
' E# &1%/ #  B8
F GH	I JKJ
; 6%1! E3+  -16+"A#L<@ !&3  ,*"+ ,-"E+%/+1 !4M;
;) N-/%1!/+ $O /&%// # M8
;) E"#//2&#% !"4  :#"0+! # !"+ /0 // # /M8
;)) O+!+M
;) = +14/ /#:E"#//2&#% !"4  :#"0+! # !"+ /0 // # /M
;); E#00#$ !40+"A-!/+ $E"#//2&#% !"4  :#"0+! # !"+ /:-"/8
;)( = +14/ /#:&#00#$ !40+"A-!/+ $E"#//2&#% !"4  :#"0+! # 
!"+ /:-"/)M



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































"!" .%"!/!"0" /'" "!&#1
 ""12+#!"'!"!/&3"'"











  "'  "!&"!  "!#1"#"1
1 ""1$
6#'!!2!  !"!7+89:;:< )
 !1"#" !!1  &"+!!"!&'"=
!  ! ""!5!!"0"#'"/
#!#"!5$4!""#"!  
7+!"&#!!'  "#!"!" /)
"/!$3  !89:>?<!""!  !'2/ ' #







































































































 !" #"$!%!&!'()*##+,#"-"#" *)"* .)*#."/01.#
"-""- & 

0*#"2$3 !" &04!& $ "&&2# )*#..!%56-.& 









9,($&#!&"7 !' )*#+."-&*'-(#".#" *)"* ./
)*##+#.&!'#895
6-."-=1 & =#" *)"* .11 &)-$&#!&"0%!/).   !)"&01 ).
 ."/-!)&!#$ !')*#.1 &)###,"-=1 & =1 &)##11 &)-1 &1&#$
2/>.! ?@@#$#"-7 !' &!"-!)##"/&1 $)"2."/!)*#."" A
2*"&!1 &)##5>.! B##&!&)*#."/#).&#"&"-&!$.&1$2/C'.
?@DE-&*!$ #"!$)*#."/!" 0#&1 $)"2."/))& $!'"&.5<- & 
>.! $1 "# &07 !' $F!"&!!$#$#"-G0&!#&!"-01& "!)&!
*!$ ./!'#" *)"* !& $ "&$#) 0!")*#..# &0.#)*#.'! .HA
"&!#5:#$F!"&!&.#!&"# '$#!1-/#)#& 0"-0")#5:)&!#$ #
.#1 &22.#")$#) 1"&!&#*))##&!&#""#&"-& .$:&& ,;44
!$&.&#"- & I/#!11 &)-&! !)&!-)--11./#1)F)
 0& %"& $*)"-1&##2. !'&)*#. ."&!#-1#"&)&!#$ G'B#
=#0.& .$=##*01"&!G',?@;5
J&".)*#."/$F!"&!#F"!&!&"-#&* )"'& #!$&"- 11 &)-#
-2!1 &1&#$5K!'&&$ 01.&0"-&$&.&'/"-".#""-$'#&"&
)"'& ##"-#" *)"* .LMN&G0#?@;,?@O5<-#11 &)-#!&.*"&!&
"-LMN)"& *"&A ' ##0&$.1 &1&#$2/G0#,-)-)&!#$ #"-3)"
&#-&)%&!# . 2.#"&####)*#.#" *)"* 5M#!"-7 !' )*#."/
 0& %," .#&!"-  & " 0#&.!  ' ##&!#2*"- "-&)*##1*"
&!"-  & " 0# P)"!'"-#-&)%#5<-#  & " 0#2!'  ./!$1!$!",
!& "-&'&!.H"&!1 &)###!$$"&&2"!$'&!.)& !)0"  5<-#















































































































































































































































































  # $%&'( 
"("(""(&
 #'#





  #4 "() $ ( $&564.$ ( 64
/000788/3*9: ,,"
&  ,
& ;#(   "" &
, #%&'(, #
" <*=,$ ( &#
 # (##(>#&# 
  &&( ##.) ./0?@3A
$ ( 54./0?@33$ B94./0003# # 
# ,   #&("( 







" #  "(:%""(
# #&
(#+   ## 
%C ,#("   (4
 !("(  (
## #  &










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 !"#$!%&'($#)#"*+)#,-"./0%$! #!1#$23455678/%!01/9'/0:"#;#$ !$#1/+0./<&!,
1=!!0)# /#&$!.#&!!01.!9;0%#>!01#$/;!+9>+10#1; #$#0%+"/#$"/!0"!
+)! 1.!./1+ '+9.;>#0*0+=$!%:!2?01.!#91! >#1.+91.! !"!01" //81.!1+</"
.#!@<! /!0"!%# !:#/0+9/01! !1/01.!A0#0"!$/1! #1; !!# "./0:9+ ##$/!01
B;#01/A"#1/+0+9A0#0"/#$/0%1/1;1/+0C!@<+; !1+1.!+,"#$!%D'1!>/" /*D1.#1
/1.! /*1.#1#0/0%/)/%;#$/01/1;1/+0C%!9#;$1< !#%+;11+1.!!01/ !A0#0"/#$
'1!>1.!0/><#"11.! !#$!"+0+>'&'%#>#:/0:!"+0+>/": +=1.#0%+"/#$=!$,
9# !2?0%!!%8%/E! !01#<< +#".!.#)!&!!0< +<+!%/01.!$/1! #1; !1+#!1.!
$!)!$+91. !#1#0/0%/)/%;#$/01/1;1/+0 !< !!011+1.!'1!> !$'/0:+0)# /+;
1!".0/B;!3!!".# '#8455FGH ;00! >!/! !1#$28455FG% /#0#0%H ;00! >!/! 8
455F+ H +=0$!!#0%I0:$!845J6#>+0:+1.! 72<!"/A"1 #0%+91.!$/1! #1; !
"+0/%! 1.#11.!#0=! $/!/01.!1+<+$+:/"#$< +<! 1/!+91.!A0#0"/#$'1!>/1!$9
3!!/0<# 1/";$# H#11/1+0!1#$2845J4GK #;!#0%L/#0#01!845J472M+ !<!"/A,
"#$'81.+!"+01 /&;1/+0 !$'+01.!"+0"!<1/+01.#11.!A0#0"/#$'1!>"+01/1;1!
#"+><$!@0!1=+ *+9A0#0"/#$/01/1;1/+031.!0+%!+91.!0!1=+ *7"# #"1! /N!%
&'%/E! !019!#1; !#0%$/0*!%&'>!#0+9)# /+;".#00!$2O.+!".#00!$"#0&!
<.'/"#$3!2:2" +,!@<+; !#/0H+!1#$28455PGM#/#0%L#$!:#1/845J47+ 
/09!  !%9 +>+&! )#&$!1+"*># *!1%#1#3!2:2< /"!8#%+0!/0H/$/+!1#$2845J4G
Q/!&+$%#0%R/$>#N845JP+ H/#0"./!1#$2845JS;/0:)# /+;1!".0/B;!7&'"+0,
%! /0:1.#1/99!#1; !9 +>1=+0+%!# !%!<!0%!01#""+ %/0:1+#<!"/A">!#; !
+9"+  !$#1/+0+ "#;#$/1'1.! !.+;$%&!#0;0%! $'/0:3<.'/"#$7$/0*&!1=!!01.!>2
<.'/"#$$/0*#:!# !>+1+91.!1/>!0+1%/ !"1$'+&! )#&$!81./$#1#<< +#".
.##<<!# !%"+0)!0/!011+"#<1; !/09+ >#1/+01 #09! &!1=!!0A0#0"/#$/01/1;1/+02







 ! " #"$"" %!"
& &# '
(%! %)%*$&"% +  "" *
$"#"%##"##%,*-+./0'1!2 1!
34541! 667!"-% 8 ""* &#9
"*/# $*': *%28"% 
 %*""%# ;"*28"% /-  %*"%)%9
&!-#*";"/% *" !#"*%- *
  &* /-*/#*-  *#
"< 2 1!34=6>,9?'34==@9A"*0*
 663"+B% "%*>% 63 8'0 ##" /
-< /+9*<"% /9% *#""-% 
"" *$"2 1'34=7*"+>/ 66=&
 %/+ 8 ""  %" "!/ "" #+ " "!/
*!""# <!  "# !#+*
"%9&"% !2 C 664!+D%"-%&*#
%* *!&""#8'( #"$"-"& %-/
 #"%+&%&%- &*/# &+2E9
34F=8*""# &#+* &#+##   %&
"% +'G** - "  < -&
 &#+ % 2E34F=HE"- 6668*&"% +*9
/#*-+1!234548 :'2 6648>/"/9E"*2 6338'
I% "#     ""%"+& &9- *9
 % &"% +**/# !#"*%    +*-
*$"&"%  # -$"/-  **1!
#"*% 'G**)%/"- &#+*&&
1!"% + !!*-+:'2 6648  +%*
  %#&1%  +&%*+!  ':%$"/- /
!+ #"$"&% "#- #1%  # 9
'J"/-  & +% &&
#&*"*%"!$"+  'K %  +
-%+#"+/" /+"//'I#& )% 9
& +  ""%&"$"/- 
+#"+ +"#%"*#    & 2 .2 6638!
 8'0## &/ ! "" " +;"
-+&1!- *"% + % * &#+&"%  '
0"*%" %<" - **;*!!#"   2B1C 8




! "#" $ % 
 &'()*+,-
.%# % " "  
#
%! %/! 
    "0"
 !"-1
% 23#




4  %%  
  !#"##
!-4  " 5/!
&6%!" 6$"!789:;6$"!789<, 
/=+ %2!>+
" '"   
>(  "!>1%
 #%"2%! 
?/% '#&789@,-1#  "
!# !-1  
" #
#!-1$% 
      "
3 " !-
A"A B-C-"-4
  2 *?C 7DA
 B-C-C""EFE&CEFE, 
!-1#"   
  %  CEFE

















































































































































































































































































































































































































































































































 !"#$%&'("$ )*" %"'+&*($%&',&-."/
%-""'0$'!1$'! 2$3"!%"4)3.$25/6".3"*! %$'2"7!#"*8"'2"9 "":";$*!$'!
:&'%$'$*<=>>?@*"#&) 3AB)&%"!
CDEDE FGHIJKLGLIMGNOPHJHINIQRILHGSLHJTGL
"&*8' &+%*$' +"*"'%*&@A2$@$2%A%&!"%"2%'&'3'"$**"3$%&' @ +&3&- !/
*"2%3A+*&(% !"U'%&'V'35"W*$'8"*2$) $3%A9'&A@&%" " $*"($!"&'%"
5'!&+*"3$%&' @"X %'8."%-""'%"!Y"*"'% "*" &+&)%2&(" "!"%"*('$/



























































$'2"&+%"2&'!%&'$3@*&.$.3%"  "% 8"*%$';"*&i'2"$@@3"!%&%*$' +"*
"'%*&@A% 2&'2"@%("$' %$%'&*!"*%&&. "*#"$!*"2%"!3'5."%-""'j$'!k9



























@$%%"*'&+'2*"$ "!#$*$'2"9(@3A'8%$% "#"*$3@$%%"*' ($A!" 2*."%"3'5"X/
 %'8."%-""'.&% "*" &+&)%2&(" "$88*"8$%&'&+%" "@$%%"*' 2&**" @&'! 
%"*"+&*"%&$.*&$!"*23$  &+'&'3'"$**"3$%&' @ ."%-""'k$'!@$ %jl'% 

























%"A*"@*" "'%%"2$''"3 ) "%&%*$' +"*%"'+&*($%&'."%-""'.&% A %"( n 
2$'." ""'9%*$' +"*"'%*&@A!"%"*('" %"2$) $3*"3$%&' @."%-""'%-& "*" &+
&)%2&(" .A2&(@$*'8@$* &+2&'!%&'$3@*&.$.3%" ! %$'%+*&(%""B)@*&.$/
.3"2$ "-"'2&'!%&''8&'0*$' +"*"'%*&@A($A%"*"+&*"+&2) &'3A&' ). "% 
&+%" A %"(%&!*"2%3AU'!%" &)*2"&+%"%*$' +"*'+&*($%&''2&'%*$ %-%
&%"*2$) $3%A("$ )*"  )2$ %"3'"$*+&*(&+W*$'8"*2$) $3%A%" %-23&&5 


































































































































































5^ <&# "%5 3_=!"
$"&#8"#%$ "#!$"#9&5 !"
#&#$!!$" #













































































































































































 ! ""! #$$% &  '()$ *
!"(!'' !&+ , '$-"!"!*!,
!'  "'+ ( . )!!*+  '
*!'!&' # /!0!&)!'# 1 2!)3&
!'45   2 '$#6778 9  :!;<"!'*!  '"!40;
 '$#677=9   1')  3! /!' '("!
% &  '(*!  '"!)  4> 1(#677?9$@
3'467  9!  .!!*+  '
!*!; ! (!)!' '('&   "!)2!;
 &) '.!!.) ! $A!;' 
  '!"!.!  )  !*$0''!
! !*!&"!"!!*  & &"!$
BCDCB EFGFHIJIKFGLJHMKNOIPPIP
QRSTUVWRXYZ[\]^ _`abRcbVWRXY
d" (!*.!!!'!&)!')'  '/0e ""! $d+
!' '!!!" . )!!*.!f& "!.
!!!+!!*% &:  '($g!"'(#'! 
' !"'&!'(!!$hi ! !&)"!j 




















d!"'&&.(* !w*!  &!*) '*!
7$8!7$78$d!"   !. ! !!* /0e
!'! !*+  '  &!"&f#.!#:3 *!& &
' &!  ) &) '!*"  s !*7$7?$d!+
.( !' %  !!    ) ! 
* !xyzszw{ ""'!!&  ()!'!'!&$
d ') '!*j k .( ! !"!$
QRSTUVWRXY[VXQRWbRY_`abRcbVWRXY
-)&  !"#,!*!' ' !"!!  '(

















































































































































































































































































































































































































































































































































 !"#   #$ "%
&'()$*"+#"# # + 
"#,-## ##.,/0123# 4#$#.,/(03/ 
56#$7)89 837:(0#.,+ . 6$#6 .$$4
,#*)77 # #$#-, #-".$*$,
 .$ .6* 7:012#.,, "+#;"6*
#$  < )-. ,- "$ -,7:-
.#.,6#$  <,$."97="+#$  4
<7>#.,  +6  +$ ! " =996 , 7?$".
#+ $ ); #"#. $$   +"#"
+   6*. -  #$"#+$-  ,. $*)77
@$ "'-#. $*)4"5A,B#-'-#. $*)
C5 "'D02E6 #. $*+$6  +"
 "*7:,-#-"."$  , 
#+.6 =99 +$ -7D -<##$,$"FG  $#
"$#. $*+ . ;#" +"012(0#., 
 "89% -<##$,$ . 7
?#&'() 6.  "* +
 $#+;+! %#,,$.7: +! ,
 +" "*6  #$ *+6$!
H
7?6ID0
5A,B#-&'( )   89#6
J9# "#,-$ 7D "#. $#4K.+#  )
K.+ ##.-$ " 6.) "LM#64
" #"7?$*)"5.$,B# #I$$*
#  '-#. $*)-  "* "." "
=#6"L=#7?-7 7 ) 78 7J .++! .$ 
"&'(  - +.$#. $$  +7
NOPQRSTUVWNPXOYZ[Y\SZ]^
D #6 "+?-7 7 )'-#. $*"+ #$$*6
 "*"ID0 #<##  . - ID04
  .$*-"+A"'-#. $*+ .7E,)
# -$-  )6+ .  +"+_.,$$*7: 4













































 !"" #" ## $  !
$#   %&'(" )# !$((# (* "
!#&!*+,  "' #"!-'" #
#% ($!*+,%%."# *(#/#* $
! !$( &!* !)!'#) !0+
, '"*(!' * *1  '& #"("
" "#2 $##' %) ! *# *$#3+
456789:;<789=>?@=?95A9BCD?69=CEB8?9=8=9F6G5C=HC?9=BI
J#"' "# !K"#&L M##$   ) 
 !$ *"*3&%'" ## $ &N
 *$#-'( %*%# +O !P$&$!* (
%%%Q''K"#$# !' ! +O  "# %
$& !$*(" % (%" #* "2'
"# $ # )# #*%# %(*%&N
+O  "#  "#&&)!$(# ! !$+
R)& )! *!*!#% 2)  %
 !$#% (%1!" ## $ +O !" 
**!1#*  S T%"#+S UVV+W  " !
$ "#%(  '%*$#*" #* "(" %#'
" "#-'" #)%#')1#%+O." !
*$#*)#(!"& '%*$#$$#%#%
LX+Y+P&"#) %'*$#Z! %%*%# 
* !"*(!$* ( *% !$('$*N
$  #%&'*!$*$ *+O "# !"
 *"# %%%1*'&*$!"*(!$* 
( *%*%# (#!" ## $ #2' "# 
!K2& )' $1) %'#'%  QK
 $1!' ! +R)& %&'  $#*$ %












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 !!$% !! $*+,-!.!!!! +
/$0!".'!% (!"$.' +%+1
!&!$+.!!!!!% *2.!3'!"+








.$% *6 + .".' $$$!$!
































 !  " " #"$%"&
'"% "!"'""'"$$"()$
*&(+(,!&%&-. $ !  
&/&&/'-.(01'2(23'" 
$4 5" ! 62(23,2(+,2(,2(7,2(8,2(83"(9(0
-.&#$$/'2(23 !':;3"/'"
" "&/"&"(0+28#$,





































. !  ! '"-.,!%
5$/!"G'"$&"'" 5"  ,#"
$ &8*,$   &7G"/,,77
"$$"  #%,  &  '+3"
$$/"(-$$'"!"G %$%,!'!
""%%&"&! !"$&%(62+9(
62+9!! !1'8:2"/$"" &!%"6$ "&
2" & %"/"&9 1'3"/$"" &
!G(-1'!%"$ /$"/
5$'"'-."(-5$/!"G












456789:; <=<> <=? <=?> <=@ <=@> <=A <=A> <=B <=B>
<=<> <=<<@C <=<<<? < < <=<<?@ < < < <=<<C@
<=? <=<<@B <=<<@< < < < < < <=<<>?
<=@ <=<<DB <=<<C@ <=<<>< <=<<<C < <=<<@BA























$!"-'fb$Fh`!! '$,$ $ $
!-!,-%%!"!)F'!!$-#&$!",!"!"#













/9:0;1%)*!56!) )!!&"+ ! +












































































































































































ABCBDECFGEBDHIE JIBKDLCLMLCN OECPEEKEDD QRSEKCIBTLCN SUKKEVCLMLCN W
X
YZ[\ ]^_]`] YZ[\ ]^_]`] YZ[\ ]^_]`] YZ[\ ]^_]`]
a` ]`_[]b cd efege efhh e^febi j^fkbll bfeeg jfhjll e^fbmg m^fnbll efjm
op e^fhne b^fhm e^feej b^fjq efjih nfgmll e^fehj h^fiqll efjb
a` ]`_[]h cd e^fbqi h^fnkl e^feeb e^fmm efnhg nfnkll efekq nfmjll efmn
op e^feki e^fne e^feej h^fnql efebe efbb e^febb b^fiq efjj
a` ]`_[]n cd efhkg hfjjl efeeh bfgi efbbm efqn efbee jfjhll efjb
op e^fegg e^fnk e^feem h^fmjl efhkh hfjil e^fehe n^fkgll efjm
a` ]`_[]j cd e^feen e^feh efeeh efij efmbm nfgbll efebi efgg efhm
op e^fbji b^fbk e^feem h^fnjl efkhk jfjkll e^fehk h^fnkl efmn
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u]t _`[yw`|`]Zx`xu`vw[_]t[]ZyZwZ}uY`w[`_zx[_[_]u` ][~u]t_zYY[__u[wcd |`~opct[
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JKLKMNLO PQ RSTSUV RSTWX RSTSSY RSTZ[ STY\[ OT\\ RSTSY\ R[T[\]] ST\Z
_^ STOU[ STW\ RSTSO\ R[TXU]] STXY\ [TYU]] RSTSX\ R[TYX]] ST\Z
JKLKMNLY PQ STS[Z ST[U RSTSSY ROTS[ STSOO STYX RSTSOO ROTUZ ST\X
_^ RSTOYV ROTOY RSTSS[ RYT\Z]] STYSS YT[S] STS[X YTXV]] ST\X
JKLKMNL[ PQ STS[X ST[U RSTSS[ RYTW\]] STSYW STO[ RSTSO\ ROTZO ST\V
_^ STUSW OT\V STSSO STUV STOOV ST\Y STS\S OTU\ ST\V
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